Abstract-Due to the rapid development of the Internet and information technology, schools of all levels around the world pay special attention to the talent cultivation in the field of science, technology, engineering and mathematics (STEM). In STEM education, the cultivation of knowledge and skills plays an important part, and teamwork and problem-solving abilities are critical soft skills for the future talent.
I. INTRODUCTION
Due to the rapid development of the Internet and information technology, schools of all levels around the world pay special attention to the talent cultivation in the field of science, technology, engineering and mathematics (STEM). The purpose of STEM education is not limited to teaching the separate and discrete knowledge of science, engineering, and mathematics. Instead, the purpose of STEM education is to cultivate students' innovative spirit and practical ability by integrating knowledge and spirit of each subject and applying them to real life. Therefore, in STEM education, the cultivation of knowledge and skills plays an important part, and teamwork and problem-solving abilities are critical soft skills for the future talent.
In the process of cultivating learners' practical ability and helping learners learn procedural knowledge, it is important to provide them with equipment and tools. However, in practice, considering funds, budget, space, equipment maintenance, etc., it is somewhat difficult for the school authorities to provide these facilities for learners. Therefore, the use of information technology to provide learners with simulated environment plays a vital role to assist the learning of procedural knowledge [1] , [2] .
In terms of cultivating learners' teamwork ability, teachers use various teaching strategies to assist the proceeding of teaching activities, such as collaborative learning, project-based learning, and problem-based learning. In order to guide learners to learn actively and initiatively, most teaching strategies are based on collaborative learning. Collaborative learning can prompt learners with different learning characteristics to participate in learning actively and initiatively through group activities and enhance their learning outcome. Therefore, the present study adopted collaborative problem solving (CPS) to teach STEM and to train learners' collaborative learning and problem-solving abilities.
On the other hand, in teaching practice, individual differences have long been a critical issue and an important reference indicator for adaptive teaching. The indicators of individual differences adopted by the studies on general fields mainly included gender, age, education background, and other personal characteristics; in contrast, those adopted by the studies on education consist of the difference in individual's cognition, such as learning style, teaching style, perceived teaching, and so on [3] .
In addition, previous research also found that different cognitive styles may influence students' learning behavior [4] - [6] . Therefore, the current study adopted a hidden figure test [7] to investigate the difference in learning outcome and activeness among learners with different cognitive styles in the STEM collaborative learning activities. The hidden figure test based on the theory of field-dependent and field-independent cognitive styles, proposed by Witkin (1962) , was originally developed by and adapted by Wu (1974) .
II. LITERATURE REVIEW

A. Cognitive Style
The discussion of cognitive style originated in the twentieth century. Cognitive style refers to individuals' habitual patterns of behavior in the cognitive process. In addition, cognitive style, a kind of individual differences having cultivated mostly since childhood, indicates the development of perception, memory, attitude in the problem-solving process, and ways of expression. However, cognitive style was not significantly related to intelligence quotient [8] .
Researchers of the previous studies divided cognitive style into different categories based on different theories and conceptualization. Based on the concept of cognitive control, Gardner, Holzman, Klein, Linton and Spence (1959) discussed the difference between leveling style and sharpening style [9] . On the basis of the concept of psychological differentiation theory, Witkin (1964) proposed field-independent (FI) and field-dependent (FD) [4] . Based on the concept of sensory modalities, Riessman (1964) proposed visual, auditory, and kinesthetic cognitive style [10] . Kagan (1965) adopted the theory of conceptual tempo to distinguish reflective style and impulsive style [11] . Gregorc (1977) , in accordance with the attitude of dealing with information and chores, proposed concrete sequential and abstract random, abstract sequential, and concrete random [12] .
Among all the categorizations of cognitive style, the theory of field independence (FI) and field dependence proposed by Witkin (1964) is the most adopted framework in the academic studies [4] . Learners of field dependence tend to rely on hints and information from others to make a decision and play a passive role in the process of learning. On the other hand, learners of field independence tend to count less on obvious or salient hints to make a decision and play an active role and make more assumptions in the process of learning.
Previous studies have found that there was a significant difference in problem solving between learners of field independence and those of field dependence [13] , [14] . Some studies have shown that field-dependent learners have significantly different academic performance from field-independent learners [15] , [16] . Additionally, in the research on collaborative learning, scholars found that a heterogeneous group mixed with field-independent and field-dependent learners performed significantly better than groups with other grouping methods [17] .
Therefore, the present study used the theory of field independence and field dependence proposed by Witkin (1962) and adopted a hidden figure test developed by and adapted by Wu (1974) as a measuring tool to assess cognitive style [7] . The administration of the hidden figure test can be divided into two phases, in each of which the participants were required to answer questions about 16 complex geometric figures in 10 minutes. Each complex geometric figure comprises one of the five basic figures and decorated with extra lines. The participants were required to recognize the basic figure from the complex geometric figure. Fig. 3 shows an example of the test. The total number of the questions is 32. The scoring is that the number of correct answers minuses the number of wrong answers. To adjust the guessing effect, the obtained score was divided by 4. The total score is 32. If one obtains more points, he or she may be more inclined to field independence; if one obtains fewer points, he or she may be inclined to field dependence. 
B. Collaborative Problem Solving (CPS)
In the field of STEM, much knowledge needs acquiring by doing and by trying to remove the obstacle, i.e., the process of problem solving. Therefore, problem-solving strategies are frequently applied to the teaching methods in this field to learn the procedural knowledge [18] - [21] . In addition, many studies have shown that collaborative learning can improve effectively academic performance of learners of all age. Thus, Nelson (1999) proposed collaborative problem solving (CPS), which integrates collaborative learning and problem-based learning and emphasizes on collaborative learning in authentic environment. Furthermore, in collaborative problem solving, learners are encouraged to learn by doing and to be an active learner. Independent thinking and problem solving abilities are accentuated as well [22] .
What's more, in collaborative problem solving, besides problem solving skills, it is important to cultivate learners' cooperative and communicative abilities. In a heterogeneous group, one has different or limited ability and viewpoints, so group members should collaborate with one another and communicate and negotiate to agree on the most appropriate solution. Previous studies also indicated that collaborative problem solving can assist students to learn and promote their learning performance [2] , [23] . Consequently, the present study follows the nine steps of collaborative problem solving to teach and use Facebook as a platform to investigate and record learners' learning outcome and process of discussion.
C. Simulation Learning
In the field of STEM, simulation learning plays an important role and has a crucial function in learning [1] . Simulation learning is a kind of teaching and learning strategy which provides simulated realistic situation and environment for learners to practice [24] . This learning strategy allows learners to practice and to be trained in a safer and lower-cost environment, but still immerse in an environment similar to the realistic one [25] . Therefore, nowadays simulation learning has been applied to cultivate students' or employees' skills in education institution and enterprises [26] , [27] . For example, in the Department of Information Engineering, the skill of network troubleshooting is an important learning topic in the course of Computer Network. However, due to limited funds and equipment, learners may not have the chance to use the real materials. Hence, an Internet simulator can overcome the problem and be a vital tool which can assist teaching for teachers.
In the current study, the participants were the learners in the course of Network Management, the contents of which are the introduction to network and Network troubleshooting. Therefore, the study adopted Packet Tracer developed by Cisco System as the teaching simulator in the class. Packet Tracer is a program for the network concept and the network configuration of routers and switches. By an interface with graphics and instant feedback, students can design and simulate network transmission in the real situation and learn the abstract knowledge which is hard to be observed. Previous studies also pointed out that Packet Tracer-assisted teaching can provide students a more systematic and logical learning environment and improve their learning interests and learning outcome [3] , [28] .
III. RESEARCH METHOD
This study adopted a quasi-experimental design. The Technology, Vol. 8, No. 3, March 2018 objective of the teaching activities was to develop learners' network concept and troubleshooting. In addition, the teaching activity was designed by using collaborative problem solving strategies to investigate the influence of cognitive style on collaborative learning performance in the field of STEM. This study recruited 37 participants, 7 females (19%) and 30 males (81%), who took the course of Network Management in a university in Taiwan.
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A. Experimental Design
The total period of the course of Network Management was 18 weeks with two hours for each week. From week 1 to 15, the class focused on teaching the basic concept of networks and the basic network troubleshooting skills. In week 16, a pretest on network concept and troubleshooting and a scale on field-independent/dependent cognitive style were administered. According to the results of the pretest and the scale, the participants were divided into heterogeneous groups. In week 17, the teaching activity for the present study was performed and post-test was given. In week 18, a review of teaching activity was carried out. Fig. 2 shows the procedure of the teaching activity.
The teaching activity in this research was done in groups. Each group was composed of 4 to 5 learners, one of whom was the group leader to check each group's learning progress. Each learner could retrieve the exercises of simulated network troubleshooting and do the exercises on their computer. After each group leader received a guiding worksheet, the members of each group could start discussing with one another on a collaborative learning discussing platform, a fan page for each group in isolation on Facebook. Fig. 3 shows the operating interface of the simulated platform for learners to set up a network and troubleshooting. 
B. Research Instruments
The research instruments in this study included a network concept and troubleshooting test, a cognitive style test, a guiding worksheet, and a simulated operation problem.
 A network concept and troubleshooting test: this test contains 8 multiple choice questions, 10 points for each question, and an essay question, 20 points the question, in order to test learners' network concept and basic network troubleshooting skills. This test was developed by three teachers who have had experiences of teaching Network Management for over ten years. Ten points was for each multiple choice question; twenty points for the essay question. The total score is 100 points.  Cognitive style test: the present study adopted a hidden figure test. The total number of questions was 32 and each correct answer scored 1 point. The scoring is that the number of correct answer minuses the number of wrong answer. To adjust the guessing effect, the obtained score was divided by 4. The total score is 32.  The guiding worksheet: based on the scenario of the simulated operation problem, the teacher designed 10 scaffolding guiding questions to assist learners to complete their learning task.  A simulated operation problem: the teacher used Packet
Tracer to design a problem about network concept and troubleshooting. Each student can use the network equipment and set up the network environment on the computer. The learning objective is to troubleshoot the network in the simulated environment. 
IV. RESEARCH RESULTS
In week 16, all the participants took the network concept and troubleshooting pretest, and based on the result of the pretest, the learners were divided into groups. The learners took the post test in week 18 after the teaching activity was performed. The total number of the participants was 37, which was divided into 9 groups, each of which consisted of 4 to 5 members. There was no significant difference among the groups, F=0.001, p=1.00>.05. On top of the pretest, in week 16, the cognitive style field-independent/dependent scale, the hidden figure test, was given to the participants. The total score of the hidden figure test ranges from 1 (inclined to field-dependence) to 29 (inclined to field-independence). The learners with different cognitive style were evenly assigned to each group. Table I shows the results of the paired t-test of pretest and the post-test for all learners, indicating that after engaging in the teaching activity, learners made a significant progress in network concept and troubleshooting, t = -2.96, p =.005<.01.
On the basis of the results of the hidden figure test, those whose scores were the top 25% (9 learners) were classified into field-independent cognitive style; those whose scores were the bottom 25% (9 learners) were classified into field-dependent cognitive style. The data from the learners of field-independent and field-dependent cognitive style were then sent to ANCOVA analysis to investigate whether the teaching activity may have different impact on learners with different cognitive style. The test of the homogeneity of regression slopes of the two cognitive style learners did not achieve significant level, F=.94, p=.35>.05, indicating that the relationship between pretest and post-test may not differ in the cognitive style groups. Therefore, the data can be sent to the main analysis, ANCOVA. The result of ANCOVA analysis showed that after controlling the effect of the covariate, the pretest, on the dependent variable, post test, the independent variable, the teaching activity, had a significant effect on post test, F=4.67, p=.047<.050. This result indicated that the post test of the field-independent learners (M=81.33) significantly outperform that of the field-dependent learners (M=55.56).
On the other hand, the learners' discussion in the collaborative problem solving activity was collected, and learners' active discussion and passive responses were calculated. The total number of messages from the 9 field-independent and 9 field-dependent learners in the discussion was 269. Table II shows the descriptive statistics of the number of the messages in the discussion. The purpose of this study was to investigate the effect of cognitive style on collaborative learning in the field of STEM. This study adopted a hidden figure test develop by and adapted by Wu (1974) as the measuring instrument to measure learners' cognitive style. The planning of teaching activities followed the procedure of collaborative problem solving strategies, and Facebook was used as a collaborative learning platform in order to observe learners' discussion in the teaching activity. The participants in the present study were the students who took the course of Network Management, and they were asked to complete a task, a simulated operation problem, and troubleshoot the network.
The results of the study showed that after engaging in the learning activities, all the learners make a significant improvement in the post test. This result is consistent with previous studies [2] , [3] . Integrating simulated learning tools on the Internet with collaborative problem solving strategies can assist students to learn network and other relevant knowledge.
In addition, it was found that learners with different cognitive style had different performance in the present study. The number of the discussion messages from the learners with field-independent cognitive style was less than that from learners with field-dependent cognitive style in the process of collaborative learning. This result is corresponded with the theory proposed by Witkin (1964) . Learners with field-independent cognitive style tend to deal with things in a clear way and to work independently. Furthermore, the behaviors of learners with field-independent cognitive style are more rational or indifferent. In contrast, learners with field-dependent cognitive style not only had more discussion messages, but they were also more active to discuss with one another in the group (67 discussion messages, 37.02%). That is, the learners with field-dependent cognitive style are better at interaction and more susceptible to the external environment compared with those with field-independent cognitive style. This result is consistent with previous studies [5] .
In terms of learning outcome, the learners with field-independent cognitive style outperformed those with field-dependent cognitive style in post test. A possibility is that although in the process of collaborative learning, the learners with field-independent cognitive style had less active discussion messages, they had more passive responses, of which percentage was over 50% of the total discussion messages. This result indicated that when the learners with field-independent cognitive style assisted others to complete the task, they can also benefit by it.
This study assigned the learners with different cognitive styles evenly to different groups. Although it was found that learners with different cognitive style tend to have different habitual behavior to participate in the activity, i.e., thinking independently or being glad to interact, they can still help one another to learn in a group activity, which was beneficial to improve learning achievement. This result is consistent with Lee (2000) [17] .
Finally, this study was a pilot study on the effect of different cognitive style on collaborative learning in the field of STEM. Future studies will continue to investigate the effect and difference of different cognitive style on different teaching scenarios and expect these studies can contribute to assisting students to learn relevant knowledge and skills.
